Accurate and reliable air passenger demand is very important for policy-making and planning by tourism management as well as by airline authorities. Therefore, this article proposed a novel hybrid method based on rough set theory (RST) to construct decision rules for long-term forecasting of air passengers. Level (mean) and trend components are first estimated from the air passengers time series data using DES model in the formulation of the proposed hybrid method. Then the rough set theory is employed to combine the output of DES model and generated decision rules is used to forecasting air passengers. We compare the proposed approach with other time series models using a corrected classified accuracy (CCA) criterion. For the empirical analysis, yearly air transport passenger from 1992 to 2004 is used. Empirical results show that the proposed method is highly accurate with the higher corrected classified accuracy. Also, forecasting accuracy of the proposed method is better than the other time series approaches.
INTRODUCTION
Over the past decade, international tourism demand has become one of the most rapidly growing industries in the world. International air travel demand is often calculated regarding the number of air passenger arrivals (Lim and McAleer, 1999) . Consequently, highly accurate and consistent air passenger forecasts play a significant role in policy-making and planning by the private airport and airline management as well as by government tourism authorities and operators. Long-term forecasting of air passenger supplies a key input into decisions of daily operation management, including aircraft scheduling decisions, maintenance planning, advertising and sales campaigns, the opening of new sales offices, etc. More highly reliable and accurate forecasting tools are required to plan effectively. Consequently, this study focuses on the long-term forecasting of air passengers in Australian airline.
Over the past many years different univariate and multivariate time series techniques have been developed in air passenger forecasting (Samagaio and Wolters, 2010) , Nguyen et al. (2013) , Apergis et al. (2017) . They include autoregressive integrated moving average (ARIMA) (Lim and McAleer (1999 , 2001 , 2002 ), Cho (2003 , Coshall (2006) and Tsui and Balli (2016) , naive and smoothing models (Martin and Witt (1989) ), Law and Au (1999) , Law (2000) ) to forecast non-stationary data along with trend component. In particular, Xie et al. (2014) employed a hybrid approach based on decomposition and least squares support vector regression approaches. Pal and Kar (2017) applying forecast technique in the stock exchange case study. The empirical results showed that the forecasting performance was improved when the hybrid approaches of decomposition were implemented.
Although, previous commonly used time series models are based on the statistical assumptions and have huge limitations such as large sample, normal distribution, and non-stationary time series data. To overcome the conditions of statistical techniques, modern soft computing method has been introduced such as rough set analysis by Pawlak (1982) . Rough set theory has been consistently applied in tourism demand modeling and forecasting for the extraction of decision rules, particularly for the data on the Hong Kong tourism scenario by Law and Au (1998, 2000) , Au and Law (2000) and Goh and Law (2003) . Also, several variants of the rough set approach have also emerged in the tourism studies by Goh et al. (2008) , Lin (2010) , Xiaoya and Zhiben (2011) and Celotto et al. (2012) . Moreover, analyzed and predicted tourism in Tangshan city of China through the rough set model. (2011) present a rough set analysis of electrical charge demand in the United States and the level of the Sapucal river in Brazil. Liou (2016) used the rough set theory to study the airline service quality to Taiwan. Sharma and Kar (2018) applied rough set theory in hotel industry. These authors found that the rough set is more consistent with other forecasting techniques. Most published article on airline industry is primarily based on the statistical models. However, in previous literature the application of hybrid rough set and DES techniques for air passengers forecasting has not been adopted, to the best our knowledge. Consequently, the purpose of this paper is to propose a new approach which applied rough set theory to generate decision rules for the air passengers forecasting. Based on the yearly time series of transportation data for all passengers in Australian airline from 1992 to 2004, empirical analysis is employed to compare the proposed hybrid approaches with other forecasting methods using a corrected classified accuracy.
The primary objective of the paper is to provide accurate and highly reliable forecasting of air transport passengers. The forecasting performance has been evaluated under different criteria. The contribution of the study is that the rough set is firstly applied in exponential smoothing time series modeling approach. The present article can be employed to provide the essential recommendation on tourism policy for the developing countries.
The remaining of the article is structured as follows. Section hybrid approach based on rough set proposed the hybrid method for long-term forecasting of air transport passengers. Section data describe the data. The next section illustrates the empirical analysis related to the study. Section comparison of different models compares the accuracy of different models. Finally, the last section discusses the summary, conclusions and future work.
HYBRID APPROACH BASED ON ROUGH SET
In this section, the proposed methodology is discussed. Firstly, DES and rough set techniques are briefly presented. Then the hybrid approach is set up for investigating the decision rules and several steps involved in their implementation are illustrated in details.
Double exponential smoothing model
Double exponential smoothing (DES) model has been proposed for level and trend estimation process (Holt, 1957) . A significant advantage of smoothing model is that the future prediction is obtained using previously estimated the level and trend in time series data with some appropriate smoothing parameters, μ, and ρ, respectively which lie in the range 0 and 1. The estimated level and trend of DES model for time series (t=1, 2....T) is given by:
The future value of the series for ℎ period is obtained as
Rough set theory
The rough set is a new mathematical approach to capturing imprecision, vagueness, and uncertainty (Pawlak, 1982) . For the evaluation of a vague description of the member RST is the excellent mathematical tool. The adjective vague express the information quality that is uncertainty or ambiguity that chase from information granulation. The indiscernibility relation developed is this manner is a mathematical foundation of the RST; it induces a separation of the universe into pieces of indiscernible (similar) objects, named elementary set. The main concept of the rough set model is based on indiscernible (IND) relation, two approximations set, lower and upper approximation of a set.
Let Y be the non-empty finite set of objects referred to as universe and A be a nonempty finite set of attributes, then S = (Y, A) is called an information system where C, D are two subsets of A, where C and D are condition and decision attribute, respectively. For = ( , ) and ⊆ , ⊆ can be approximated based on the knowledge having in P by assembling the P-lower and P-upper approximation of W, represents by P(W) and P(W) respectively; where if the boundary region contains some objects than the set W is referred as rough set concerning P.
The fundamental idea of RST is the creation of decision rules which is based on the IF and THEN logical statement. Decision rules are used to preserve the core semantics of the feature set from the provided information of particular problem which is an additional significant aspect of RST.
Proposed hybrid model
Since the combination method yields, better results than a single method, the modeling, and forecasting approach with high accuracy is adopted in this study. There are three main steps involved in the proposed hybrid method, i.e., estimation, single forecast, and combination. After the parameters are estimated by DES model as Xt, Lt
and Tt respectively, they are utilized for the making of prediction (̂). Then the estimated and predicted output is combining using the rough set method. The overall procedures of deriving a hybrid model are as described in Figure 1 as the several steps:
STEP 1: Suppose the original time series is Xt (actual) at time t, and then the level (Lt) and trend (Tt) has been estimated using DES model to establish the forecast of air passengers.
STEP 2: According to the estimated and forecast (̂) output of DES model, four attributes are formulated to ascertain an information system (data set). Then, the data set are normalized (Mahapatra and Sreekumar, 2010) . All attributes have been 
DATA
In this study, time series data is used from tourism demand according to the objective and the availability of the data. Our empirical study uses yearly air transportation data for all passengers (millions) in Australian airline from the period of 1992 to 2004, with a total of 13 observations, as shown in Figure. 2. Data are obtained from https://www.otexts.org/fpp/7/2. The R-3.0.3 software is used for the overall empirical analysis of DES and Grey models. The rough set analysis is implemented through Rough Set Data Explorer (ROSE2) software (Predki, 1998) . In our data analysis, training dataset (in-sample) is used to estimate the parameters using the time series models. Testing sample is used to evaluate the forecasting performance. In time series modeling, pre-samples are used for making out-of-sample forecasting by using different models. 
EMPIRICAL ANALYSIS
In the hybrid model, DES is first estimated into parameters level (Lt) and trend estimation method (Hsu and Wen, 1998; Zhou and Hu, 2008) . The final solution of LDE in terms of forecasting equation for GM model for h periods is written as
Now, the results of estimated parameters, α and β for GM model are -0.04447,
21.82630.
After the DES estimation and forecasting of air passengers, we create an information system via actual (Xt), level (Lt), trend (Tt) and (̂) as a condition and decision attributes. Then the normalization process is used for the data transformation. Now, the rough set model is used to develop the IF and THEN decision rules, expressed as a rule model (RM) for forecasting of passengers time series data. Four decision rules with their support (S) are described in Table 1 . These 4 rules are used to predict air passengers to Australia. R2 has the highest support. It indicates that R2
is the strongest rule for the prediction. 
COMPARISON OF DIFFERENT MODELS
To compare the forecasting performance of time series models, we select corrected classified accuracy (CCA) criterion of measuring directional prediction accuracy. CCA is the ratio of corrected classified and the total number of observations (Nassiri and Rezaei, 2012) . In general, accuracy is expressed as a percentage of the corrected direction, as follows:
where, is the corrected direction, n is sample size, is the actual value and ̂ is the forecasted value of time series data in a year. Since CCA is the measures of corrected direction between actual and forecasted values. Therefore, the higher CCA denotes highly accurate forecasting performance of time series models.
For forecasting performance, corrected classified accuracy (CCA) for three models are 92.30%, 92.30%, 100%, respectively. According to the CCA results, DES and GM model has equal forecasting performance. Also, the forecasting performance of the hybrid method is highly accurate than DES and GM models.
Empirical analysis of the study reveals that the forecasting accuracy of the hybrid model is superior to that of the individual models. The forecasting reports indicate that the prediction accuracy of the proposed approach is highly accurate to that of the single DES and Grey models. Therefore, our empirical findings reveal that the combine hybrid technique has a better prediction capacity compared with that of the individual time series models. The comparative analysis of actual and predicted values and out-of-sample forecasts from 2005 to 2017 are shown in Figure 3 . Fig. 3 . Out-of-sample forecasts for different models.
CONCLUSIONS AND FUTURE WORK
In this study, we proposed a hybrid approach for long-term forecasting of air passenger on the basis of double exponential smoothing (DES) and rough set model.
To illustrate the proposed hybrid technique, an empirical analysis has been performed and the proposed technique was compared with other time series methods using the air passengers in Australian airline. It uses corrected classified accuracy (CCA) criterion to compare the performance of hybrid method with other forecasting models.
Accurate and consistent air transport passenger is essential for policy making and planning by tourism management. Generally, tourism management is a significant source to enhance the foreign tourism demand as well as international travel to Australia and its various individual states. Therefore, the principal aim of this work is to evaluate the impact of tourism demand on Australian airline yearly air transport passengers. This work is also contributing that the combination of DES and rough set model is firstly applied for long-term forecasting of air passenger. The forecasting reports indicate that the prediction accuracy of the proposed approach is superior to that of the single DES and Grey models. Our analysis suggests that the combined hybrid technique is an efficient method for air passengers forecasting. It is important to utilize the quality and nature of air passenger for better forecasting performance.
The present article can be employed to provide the essential recommendation on tourism policy for the Australian airline. Furthermore, experimental analysis of air passengers would allow airport management to assign resources effectively for the unique requirements of various visitor classes, such as holiday visitors, visiting family and relatives, business tourist, and traveler guests etc. It is expected to employ other time series and soft computing models for air passengers forecasting for the future research using the data of airline industry.
